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(TALM) [1]. FOF1 ATP synthase had a distinct trajectory map from
Tom20, and was frequently restricted in cristae. We screened the
localization and mobility maps of various other mitochondrial proteins.
Their distribution in the outer mitochondrial membrane, the intermem-
brane space, the inner mitochondrial membrane and the matrix was
concordant with previous biochemical/topographic data. The present
work revealed their respective mobility proﬁles. In principle, our data
support the random collision model of OXPHOS complexes. In the
context of metabolic adaption, aging and disease trajectory maps might
serve as a diagnostic for changes in localization and mobility related to
(ultra-)structural variations. In sum, TALM is a versatile tool to dissect
the localization, distribution and mobility of (mitochondrial) proteins
in live cells and visualize the accessible micro-compartments without
destruction of biological material.
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The current view of complexes of double-stranded circular
molecules of mitochondrial (mt) DNA with accessory proteins and
mtDNA genetic machinery proteins is still very preliminary and
scarce. These complexes, called nucleoids, are traditionally studied
by 2D confocal microscopy having a resolution higher than 250 nm,
even though the expected average size of mt nucleoids is about
100 nm [1]. Mitochondrial nNucleoids were frequently visualized
using immunocytochemistry as b1000 foci per cell in cultured cells.
3D superresolution ﬂuorescent photoactivatable localization micros-
copy (FPALM) [1], in conjunction with photoconvertible ﬂuorescent
protein conjugates of marker proteins such as mitochondrial (mt)
transcription factor A (TFAM) and mt single-stranded-DNA-binding
protein (mtSSB), has provided evidence that nucleoids in hepatocel-
lular HepG2 cells exhibit a rather wide size distribution ranging
between 50 and 300 nm. This was conﬁrmed using 3D TFAM/mtSSB
immuno-cytochemistry in conjunction with the direct stochastic
optical reconstruction microscopy (dSTORM). Moreover, using 3D
double color FPALM/dSTORM microscopy, we have positioned mtSSB
foci within the nucleoid space represented by TFAM or mtDNA and
demonstrated that mtSSB is concentrated in these smaller spaces.
We have also positioned mtDNA nucleoids within the mitochon-
drial reticulum network visualized by dSTORM 3D immunocyto-
chemistry of TIM23. In parallel, 3D 4Pi microscopy of mtGFP with
Alexa 647/mtSSB immunostained nucleoids was performed. These
results demonstrated nearly equidistant ~1 μminter-nucleoid distances
and conﬁrmed our hypothesis on nucleoid redistribution within the
fragmented network [2] – clustering of up to nine nucleoids in 2 μm
diameter mitochondrial spheroids of a fragmented mt network –
arising from an original 10 μm mitochondrial tubule. Supported by
GACR grants no. 13-02033, P305/12/1247.
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Mitochondria play a key role in adaptation during stressing
situations. Cardiolipin, the main anionic phospholipid in mitochon-
drial membranes, is expected to be a determinant in this adaptive
mechanism since it modulates the activity of most membrane proteins.
Here, we used Saccharomyces cerevisiae subjected to conditions which
affect mitochondrial metabolism as a model to determine the possible
role of cardiolipin in stress adaptation. Interestingly, we found that
thermal stress promotes an increase in cardiolipin content, modifying
both surface charge and the physical state ofmitochondrialmembranes.
These changes have effects on mtDNA segregation and mitochondrial
morphology, thus, adapting cells to thermal stress. Conversely, this
effect is cardiolipin-dependent since a cardiolipin synthase-null mutant
strain is unable to adapt to thermal stress. Interestingly, we found that
the loss of cardiolipin speciﬁcally affects the segregation of mtDNA to
daughter cells, thus leading to a respiratory deﬁcient phenotype after
replication. Overall, our results demonstrate that the mitochondrial
lipid cardiolipin is a key determinant in the maintenance of mtDNA
stability, morphology and segregation.
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Cardiolipin (CL) is a unique phospholipid in mitochondrial mem-
branes with diverse biological functions. It is becoming evident that CL
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is a versatile phospholipid, which not only participates in membrane
ﬂuidity and regulation of the activities of respiratory complexes, but
also plays amajor role in cell signaling through CL–protein interactions.
The induction of peroxidase activity of cyt c by CL-binding in the
presence of hydrogen peroxide in mitochondria has been thought to
be a key event in the early apoptosis stage. However, the molecular
mechanisms of the formation of speciﬁc cyt c–CL complex and the
induction of peroxidase activity of cyt c remain elusive.We synthesized
a series of oxidized CLs inwhich four acyl chainswere oxidized (C–H→
C-OH) in different patterns. All oxidized CLs elicited strong inducing
ability of the peroxidase activity of cyt c. A difference in the oxidized
position including the number of OH group did not affect the inducing
ability. Our results do not support a currently accepted notion that some
hydrophobic interaction between the acyl chains of CL and cyt c is
critical for the formation of speciﬁc cyt c–CL complex and consequently
the induction of peroxide activity. Moreover, we synthesized two
photoreactive CLs, which possess not only a photoreactive diazirine ring
at polar headmoiety (prCL-1) or at one of the four acyl chains (prCL-2),
but also an ethynyl group at a terminal position of one of the four
acyl chains. To identify the binding site of CL in cyt c, we carried out
photoafﬁnity labeling experiments using prCL-1 and prCL-2. The
labeled peptide was detected by attaching a biotin to the incorporated
ethynyl group by the so-called click chemistry.
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mtDNA is compacted in nucleoprotein complexes called nucleoids
situated in mt network with spacing of approximately 1 μm [1].
Mitochondria also undergo ﬁssion and fusion processes to maintain
their integrity while fusion spreads membrane potential along mt
network. Fragmented mitochondria with low potential are unable to
fuse back to mt reticulum and are supposed to be targeted for
degradation by mitophagy. Since nucleoids are almost equally
distributed in all mt network tubules, some of themmust be subjected
to mitophagy as well as mitochondrial fragments. To study relation-
ships between levels of mtDNA and mitophagy, we employed several
insults including activators (EtBr, rapamycin) or inhibitors (NH4Cl,
chloroquine) of mitophagy. After such treatmentswemeasured either
the amount of mtDNA per one cell by qPCR [2] or the number of
nucleoids by immunocytochemistry and confocal microscopy. Our
model cells were SHSY5Y, HepG2 and HeLa cancer cell lines and all of
them exhibited different levels of basal mitophagy. Our results
showed an increase in the amount of mtDNA after blockage of the
autophagy in general. The most efﬁcient was inhibition by chloro-
quine, which increased the amount of mtDNA by 50%. The second
most potent inhibitor was ammonium chloride. Wortmannin,
increased the mtDNA levels only slightly, indicating that there are
other mitochondrial degradation pathways downstream of PI3K. All
these agents exerted the pro-ﬁssion effect on mt morphology. We can
conclude that the inhibition of mitophagy as an integral portion of
general autophagy increases the amount of mtDNA suggesting that
“old” nucleoids are degraded in this way. We also observed that
inhibition in later steps of mitophagy led to higher levels of mtDNA.
We discuss the degradation of mtDNA by mitophagy in cell lines
in relation to the different levels of autophagy rates. Supported
by grant nos. P305/12/1247 and P305/12/P388 from the Czech
Science Foundation (GACR).
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In the present work, it was shown that under conditions of low-
amplitude swelling (the tonicity of incubation medium is
120 mOsm) of heart mitochondria, oxidizing succinate and produc-
ing ATP, enzymes of oxidative phosphorylation system operate as a
tightly-bounded supercomplex. Firstly, the double-inhibitor titration
technique showed that under low tonicity (120 mOsm) partial
suppression of ATP synthesis by carboxyatractyloside (CATR) leads
to proportional suppression of the electron transport system activity.
So during the titration by malonate (the inhibitor of succinate
oxidase) there is no excess pull of electron-transfer enzymes. Under
isotonic conditions (300 mOsm), when no supercomplexes are
formed, partial suppression of ATP synthesis by carboxyatractyloside
(CATR) leads to the formation of excess pull of active electron-
transfer enzymes; as a consequence, low concentrations of malonate
do not lead to the reduction of the respiration rate. Secondly, the
decrease of inner membrane potential of mitochondria due to
suppression of electron transport system by malonate is much
greater under hypertonic (600 mOsm) and isotonic (300 mOsm)
conditions than under hypotonic conditions (120 mOsm). The
suppression of the electron transport system of submitochondrial
particles by 85% doesn't reduce the potential on its membranes.
Thirdly, at the same conditions when the changes in mitochondrial
functioning are observed we investigated the ultrastructure of rat
heart mitochondria by means of electron microscopy and small angle
neutron scattering (SANS). Both of these methods revealed structural
reorganizations of cristae at decreasing media tonicity from 300 to
90–120 mOsm. Electron microscopy revealed that in the case of
isotonic media inner mitochondrial membrane forms dense packed
lamellae, in the case of low tonicity most of the lamellae are
reorganized into tubular structures. These tubular cristae were
observed to pack in hexagon-like structures. SANS showed that under
isotonic conditions scattering curves have an interference peak
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